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This prize-winning circuit from our Flash Micro Competition responds to a 


drive signal containing RGB (red/green/blue) values by making a multi-colour 


LED produce the desired hue. The circuit doubles as a converter between 


colour coding systems. 


This entry received for our Flash Micro Com- 
petition (see the January 2003 issue) 
demonstrates that complex peripherals like 
a D/A converter are not really necessary 
when it comes to controlling a three-colour 
LED. Here, a microcontroller from the 80Cxx 
series handles all functions necessary to 
enable such an LED to produce all possible 
colours. 

Any individual colour may be produced by 
mixing certain levels of three basic colours. 
There exist several systems to encode colours 
using different basic colours: 


RGB (red, green, blue) 
Raw data, range 0-255 
(additive colour mixing) 

RGB (red, green, blue) 

Level, percentage 0 — 100% 
CMY (cyan, magenta, yellow) 

Level, percentage 0 — 100% 

(subtractive colour mixing) 
HSB (hue, saturation, brightness) 

a model adapted to human perception. 
Due to memory limitations, only these four 
colour coding systems are supported. Pro- 
vided a memory extension is available, other 
models like CMYK, YUV, VCbCr and YIO may 
also be implemented. This only requires a 
conversion from RGB code and vice versa. 


User interface 


The user interface consists of a keyboard 
with four pushbuttons to navigate 
through the menus and enter values, and 
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Figure |. Circuit diagram of the simulator/ndicator. 


a two-line LC display to indicate 
values. 

The four pushbutton are on port 
lines P1.4 through P1.7, their states 
being treated as inverted in the pro- 
gram (on = 0, off = 1). Because the 
microcontroller already has pull-up 
resistors on its port line pins, the 
pushbuttons need only switch to 
ground. 

The software assigns the follow- 
ing functions to the pushbuttons 


Swx Port pin Function 


Swi P1.4 Select colour coding sys- 


tem 
Sw2 PI.5 Select components 
Sw3 P1.6 Increment value 
Sw4 PI.7 Decrement value 


The circuit itself is marginal and con- 
sists of four driver stages for each 
LED element. The four LEDs occupy 
ports 1.0 through 1.3. The RGB LED 
contains one red, one green and two 
blue LEDs in a single enclosure. The 
component should be of the diffuse 
type, because in a multi-colour LED 
with a fully transparent encapsula- 
tion the individual colours are visible 
and the desired optical mixing effect 
does not occur. 
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After the welcome text you are 
allowed to select the colour coding 
system and then enter the desired 
values using the relevant units and 
ranges (Figure 2). An interesting 
detail: if you enter the values for a 
particular colour model and then 
press Sw1 to select another coding 
system, the values are automatically 
converted. 


Programming language 


The use of BASIC is ruled out for this 
project because the brightness of 
individual LEDs is controlled directly 
by the microcontroller using 
pulsewidth modulation (PWM). The 
alternative at the other end of the 
spectrum, assembly language, 
proved far too cumbersome, so the 
author went for ‘C’ using the Keil C51 
compiler. An evaluation version of 
this industry-standard software is 
available free of charge (for non-com- 
mercial applications only) from the 
Keil website at www.keil.com. This 
software was also mentioned in rela- 
tion to other projects and articles in 
Elektor Electronics. Apart from a few 
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Figure 2. Value entry using 
pushbuttons. 


details, it is identical in syntax to the 
Reads51 compiler from Rigel Corp., 
although it must be mentioned that 
the evaluation version of Reads51 has 
a code size limitation of 2 Kbytes. 
Mind you, that’s the size of the exe- 
cutable (object) code, not the pro- 
gram code (the size of the RGB con- 
trol program is about 3,300 bytes). 
Moreover, there is no floating comma 
arithmetic and it is not possible to 


create an LIB. Reads51 does not allow simul- 
taneous control of the four LEDs and the LCD 
display. Also, Reads51 is too slow and gener- 
ates too large object code files compared to 
C51. Based on the author's experience, the 
compactness of the object code created by C51 
even beats many attempts at assembly-code 
programming. 


The program 


The pulse length is determined by a timer. 
Depending on the values assigned to Red, 
Green and Blue (0 — 255) , the requisite on/off 
time is continuously updated in the IRQ rou- 
tine. Therefore, the four individual LEDs need 
to be controlled quasi-simultaneously ‘in the 
background’ while the foreground task entails 
scanning the keys and driving the LCD. The 
practical realisation of this daunting bit of 
software may be gleaned from the source 
code file, which is available from this month's 
Free Downloads section on the Elektor Elec- 
tronics website. Look for zip file 020409-11. 
By transposing the software to controllers 
with a lager memory, further colour coding 
systems like CMYK, YUV, YcbCr, YIO, CIE, 
Lab, and HSI may be implemented, as well as 
brightness control of the individual LEDs. 
(020409-1) 


